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CHEMICAL STUDIES ON THE NATURE OF SUSCEP-
TIBILITY TO SPONTANEOUS CARCINOMA OF
THE MAMMARY GLAND IN MICE*
LEONELL C. STRONG
The age distribution, and consequently the frequency or percent-
age incidence, of spontaneous tumors of the mammary gland in mice
may be influenced by diet.4 This finding was obtained by the trans-
ference of susceptible-to-cancer female mice of the CBA strain from
one commercial diet to another at different age periods. That is, it
was found that the longer the mice were kept on one commercial diet
(Nurishmix) the later in life would cancer develop. This delay in
the incidence of tumors was not due to an indirect influence of lon-
gevity, since on thediet which gavethe lower incidence oftumors the
mice actually lived longer. Consequently, the "diet factor" that
influences cancer in mice is not a temporary one (such as the "milk
factor" of Bittner, said to be effective in preventing cancer in a "ge-
neticallydetermined" susceptible individualifthenewbornindividual
be subjected to the milk of a foster mother for less than 48 hours)
but acontinuous one. Thus it exerts a continuous influence upon the
susceptible-to-cancer individual before birth and, in fact, during the
entire life span. Some tendency that leads toward malignancy is
received by the individual from the zygote. This tendency is con-
tinuously being influenced by environmental agencies, especially the
diet and, perhaps, by other agencies not yet known or indicated.
Inorder to explain certain phenomena oftissue specificity, genetic
susceptibility, and other aspects of cancer, it is convenient to maintain
that cancer is the resultant of a peculiar constitution ofthe individual
which gives rise to malignancy. This conception is valid if one
assumes that constitution implies not only the specific contribution
from the germ plasm but also all the influences from the environ-
ment that have exerted an effect on that individual up to the time
that malignancy occurs.
It has also been emphasized that states of susceptibility and
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resistance-to-cancer are determined by quantitative and not qualita-
tive differences.2 This concept is based upon the fact that certain
sub-strains of mice characterized by a constant age distribution of
cancer and produced by selection following an original hybridization
experiment can be continued by a brother-to-sister mating for con-
siderable periods of time. It has been shown that there is a graded
sequence of susceptibility to cancer that extends from extremely high
susceptibility to nearly complete resistance in the various genetic
strains of mice kept under the same environmental conditions.
One attempt to investigate certain characteristics of this "con-
stitutional aspect" of cancer susceptibility has already been made.
Strong and Werner3 6 showed that there was a very definite correla-
tion between shifts of hemoglobin per unit of time and this pro-
pensity to give rise to, or not to give rise to, spontaneous tumors of
the mammary gland. This correlation was based upon more than
8,000 hemoglobin determinations on individuals belonging to eight
genetic strains of mice. It was also shown that there was a pre-
cocious drop in hemoglobin in those individuals which belonged to
susceptible-to-cancer strains, as compared to those individuals belong-
ing to more resistant-to-cancer strains. This conclusion has recently
been verified by work done in collaboration with Francis.5
The possible correlation of the shifts of hemoglobin with tumor
susceptibility and resistance fulfills the requirement that cancer sus-
ceptibility is the resultant ofinfluences that have been functional over
a considerable length of the individual's life span, but it fails to
provide a specific mechanism by which the terminal stage of specific
types of cancer is invariably determined.
The amount of hemoglobin at any given time is the resultant of
the new supply pouring into the blood stream and of the destruction
due to physiological use. The precocious drop in a susceptible-to-
cancerindividual may have one oftwo interpretations (1) that hemo-
globin is being manufactured in deficient quantities or (2) that it is
being used up at too rapid a rate.
If the first interpretation be true, then one may expect to find
eitheradefect in thehematopoietictissues of thesusceptible-to-cancer
individual or adifferential demand for hemoglobin-forming constit-
uents derived from the diet between the susceptible-to-cancer and
the relatively resistant-to-cancer individuals. This problem has not
been sufficiently investigated to warrant a conclusion. On the other
hand, there is considerable genetic evidence that the second inter-
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pretation (that hemoglobin is being used up at a too rapid rate, per-
haps in localized areas) may be at least partly true. The conception
that cancer arises by a process analogous to somatic mutation is based
upon considerable, although indirect or circumstantial, evidence.
Itis also possible that temperature changes and other alterations that
have an effect onthe oxidation-reduction systems of the body as well
as on intrinsic or genetic changes within the cells of the body may
also influence the process of somatic mutation. Thus, it is not
beyond the realm of probability that the oxidation-reduction phe-
nomena of the cells of the body may be involved in the intrinsic
changes from a normal to a malignant cell.
It has been shown that heptyl aldehyde, when administered in
the diet, will bring about liquefaction changes in spontaneous tumors
of the mammary gland in mice. This liquefaction change is a retro-
gressive phenomenon, since, in some mice, complete regression of
the spontaneous tumor is brought about. It is also known, that as
soon as heptyl aldehyde undergoes oxidation it immediately loses
its capacity to bring about the liquefaction phenomenon in spon-
taneous tumors. Consequently, the task of getting heptyl aldehyde
into the body in its original condition has been undertaken. There
appear to be at least two possibilities of doing this. -In the first
place, the heptyl aldehyde may be combined with another chemical
(such as sodium bisulfite), the resulting addition compound grad-
ually giving up its heptyl aldehyde in the tissues of the body. In
the second place, the heptyl aldehyde may be protected against
oxidation by the presence of some anti-oxidant. Both of these sug-
gestions are under investigation and the data obtained will be pub-
lished later.
One of the anti-oxidants used in the above investigation is sali-
cylic aldehyde. This particular anti-oxidant was selected since data
on its own oxidation rate and its effect on the oxidation rates of other
aldehydes are already known. According to McDonough,l the oxi-
dation rate of salicylic aldehyde in both darkness and light is zero
ascompared with the maximum rate of 2.60 cc. perminuteinthedark
and 8.20 cc. per minute in the light for n-heptaldehyde. The addi-
tion of 0.5 cc. of salicylic aldehyde to 3.5 cc. of heptyl aldehyde
reduces the maximum oxidation rate of the latter from 8.20 cc. per
minute to 0.11 cc. per minute.
The present investigation was undertaken for two reasons: first,
to determine the physiological effect of salicylic aldehyde (a power-
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ful anti-oxidant) on the constitutional states which may be involved
in cancer susceptibility and cancer resistance; second, to ascertain the
physiological effect of the drug on mice in order to investigate later
its possible effect on spontaneous cancer of the mammary gland in
mice when used alone or in combination with heptyl aldehyde and
other chemical agents.
Materials and Methods
Male mice of fourteen distinct genetic strains (
C12I, C, CBAN, N, JK, NH, F, C67, I, and L)
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CHART 1 gives the data for A mice on the loss of body weight on
successive daily injections. The number of injections (daily) are
plotted along the base line; the body weight in grams is given on the
vertical line. Mice which died at the injection time are given on
the dash lines; those which survived the suocessive injections are
given on the solid curves.
A, C3H, CBA, CHI,
were placed in reserve
on a Nurishmix diet.
Each mouse was in-
jected subcutaneously
with 0.008 cc. of sali-
cylic aldehyde mixed
with 0.072 cc. of Laco
Brand olive-oil. This
dilution was made in
order that such small
quantities of the active
agent could be meas-
ured more accurately
with a 1 cc. hypoder-
mic syringe. All injec-
tions were given be-
tween 8 and 9 o'clock
in the morning. The
mice were kept singly
in regulation wooden
mouse boxes under the
standard conditions of
an air-conditioned lab-
oratory with the tem-
perature between 74
and 760 F., and the
humidity between 50
and 60 per cent. The age of each mouse in days and the body weight
expressed in grams were ascertained. All mice were watched carefully for
symptoms and the time of cessation of breathing was recorded.
All mice that survived the first treatment were injected on the following
day with the same dose of the salicylic aldehyde-olive-oil mixture. This pro-
cedure was followed for six days, after which time the survivors were placedCARCINOMA-SUSCEPTIBILITY IN MICE
in reserve for 28 days. They were again subjected to a second (and a third,
etc.) sequence of 6 daily injections provided they lived sufficiently long.
Since the analysis of the data obtained with mice of the 14 strains is too
complex for a single paper, it is proposed to discuss here only the data obtained
with the mice of the
C3H, A, and JK 100 PERCEI!ITAGE
strains.
These three strains
were selected for the 90
primary reason that the
females of all three 80
give rise to spontaneous ,/
tumors of the mam-
mary gland at signifi- 70
cantly different rates. >0
Female mice of the
C3H strain are very 60
susceptible to sponta-
neous tumors, female
mice of the A strain are 501
somewhat less suscepti- 1 2 3 4 5 6
INJECTIONS ble, since they give rise CHART 2 presents the data on mortality due to successive injec-
to spontaneous tumors tions of A mice only, according to age. All mice less than 100 days of age were killed by a single injection, as indicated by the
some three to four dot. Data on mice between 101 and 200 days of life are given on the short-dash line; those between 201 and 300 days are on the long- weeks later in life than dash line; and those between 301 and 400 days of life are given on
do the female mice of the solid line.
the C3H strain (unpublished data). Female mice of the JK strain are
extremely resistant to spontaneous tumors.
Results
The effects upon different mice are quite variable. The symp-
toms manifested, however, are apparently part of one physiological
syndrome. Some mice, especially of the heavier body weights of
the C3H and A strains, and of the lighter body weights of the JK
strain, show no obvious effects. Some mice, following a brief
period of hyperactivity manifested by jumping and rolling, gradu-
allysuccumb to deeper and deeper anesthesia. During this time the
respiration rate gradually diminishes from approximately 200+ per
minute to zero (in case death takes place). Mice may recover from
this state of anesthesia at apparently any level except when the
respiration falls below 10 or 12 per minute. When recovery takes
place the mouse goes through a period of swaying from side to side.
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CHART 3 gives comparative data on mortality of C5H mice (long-
dash line); of A mice (solid line); and of JK mice (short-dash
line). This chart presents the data on all mice used, irrespective
of age.
dehydration or per- PERCENTAGE
haps to some other loo
effect of salicylic
aldehyde upon the
circulation, espe- 90
cially in the capil- -
laries. Observations 80
on the histological
sections will be in-
cluded in a future ol_ _
publication. 1 2
The data obtained CHART 4 gives comparative data
are presented in a tion of a single dose of salicylic are presented in a mice (single dot); C5H mice (long'
series of charts. In dash line). Only mice less than I
There is agradual re-
turntonormalitywith
no obvious persistent
damage to the indi-
vidual except a small
local reaction (ulcer-
ation) at the site of
the injection. All in-
jections were discon-
tinued after six days
(asnotedpreviously),
since it was felt that
this local reaction
might interfere with
the systemic effect
that was of more in-
terest in the investi-
gation. Twenty-four
hours after the injec-
tion of-the material,
the skin of the entire
mouse (in those
which recovered) had
become extremely
tough. This phenom-
enon may be due to
- _ .
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Chart 1 are presented data obtained by the injection of 0.08 cc. of
the salicylic aldehyde-olive-oil mixture into 200 A-strain mice. On
the base line are presented the number of daily injections the mice
received; on the vertical line are the body weights of the mice
expressed in grams.
All mice that isur- 100 PERCENTAGE
vived the 2nd, 3rd,
4th, 5th, and 6th in-
jections are plotted /
on the solid lines; /
those which died on 80
those same injec-
tions are on the
broken ordash lines. 70
It is clear that the
average slope of the
dash curves (for 60 ,---
those mice which -
died) is somewhat 50
greater than the av-
erage slope of the ,
solid curves (for 40
those which sur- ,'
vived). Thus it is
obvious that all mice 30 ,,
(on an average) lose ,'
weight on the suc- _l__
cessive dailyperiods, I 2 3 4 5 6
but those which die INJECTIONS
CHART 5 contains the data on mortality after a single dose of the have lost more than anti-oxidant for mice 101-200 days of life. C3H mice (long-dash
those which survive, line), A mice (solid line), and JK mice (short-dash line).
Consequently, the damage to the individual is greater when death
is the end result at the next injection point. It is also clear that
those mice which succumb to the injection on the successive daily
periods are somewhat smaller at the beginning of the period (except
those which die at the fourth injection point).
Chart 2 gives the percentage mortalityof strain A mice according
to age: (a) The single dot at 100 per cent indicates that all mice
less than 100 days of life are killed by a single injection of 0.08 cc.
of the salicylic aldehyde-olive-oil injections; (b) Mice between 101
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and 200 days of life are given on the short-dash line; (c) The data
on all mice between 201 and 300 days of life are given on the long-
dash line; (d) All mice between 301 and 400 days of life are plotted
on the solid line. As will be indicated in the following analysis, the
mortality rate, with-
1oo PERCENTAGE in a given strain of
mice, is the result-
90 o' ant of two identifi-
able factors,-body
weight and age.
80 This fact must be
taken into consider-
ation in the analysis
70 // of the data obtained.
In Charts 3, 4,
60 5, and 6 are pre-
sented the data on
the mortality rate
50 of: (a) 200 mice of
the C3H strain
(long-dash curve);
40 (b) 200 mice of the
A strain, solid line
----(except in Chart 4
30 where the A mice
are represented by a
I single dot); and (c)
- I 2 3 4 S 6 159 mice of the JK INJECTIONS strain (short-dash
CHART 6 gives the data on mortality after a single injection of l T
salicylic aldehyde-olive-oil mixture for mice between 201 and 300 I'ne). In Chart 3 are
days of life. CsH mice (long-dash line); A mice (solid line), and the d
JK mice (short-dash line). given tedata on
the total number of
mice, irrespective of age, used in this investigation. In Charts 4, 5,
and 6 are given the data when the mice are separated according to
age. Chart 4 includes all mice less than 100 days of age; Chart 5
all mice between 101 and 200 days; and Chart 6, all mice between
201 and 300 days old.
Thus, it is clear that as the C3H and A mice approach the age
at which spontaneous carcinoma of the mammary gland is occurring
in the breeding female mice of these strains, there is a gradual
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building up of tolerance to salicylic aldehyde, possibly as the result-
ant of increased body weight and physiological age. (See remarks
under Chart 10.) At the same time the resistant-to-cancer JK mice
are building up tolerance to salicylic aldehyde at a much greater rate.
Chart 7 gives the rate of mortality according to body weight and
strain. The body weight of the individual expressed in grams is
plotted along the base line; the mortality rate expressed in percent-
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CHART 7 gives the data on mortality following a single injection of the anti-oxidant when the
mice are classified according to body weight. CsH mice (long-dash line); A mice (solid line), and
JK mice (short-dash line). Body weight is plotted along the base line; percentage mortality is
given along the vertical.
age (of the total that die by a single injection) is plotted along the
vertical line. The data on the JK mice are given on the short-dash
line; comparable data on the A mice are given on the solid line; and
the data on the C3H mice are given on the long-dash line.
Thus, it is obvious that the strains of mice can be classified
according to tolerance to salicylic aldehyde-olive-oil in the sequence
JK, A, and C3H, the JK being very tolerant, the A less so, and the
C3H even less tolerant than either the JK or A. For example, all
mice of the JK strain which we'igh 21 grams or more, survive a
singleinjection of 0.08 cc. ofthesalicylic aldehyde-olive-oil mixture.
This same dose will kill approximately 70 per cent of A mice weigh-
ing from 20 to 24 grams, and 80 per cent of all C3H mice weighing
MS
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from 21 to 25 grams. Again, all JK mice weighing 21 grams or
more will survive a single injection of the material. In order for
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CHART 8 presents the data on mortality of A mice only, classified according to body weight.
Data on those mice receiving 0.008 cc. of the anti-oxidant are given on the solid line; comparable
data obtained with 0.01 cc. of the same material are given on the short-dash line.
all A mice to survive the same amount of the material they must
weigh at least 26 grams; and C8H mice must weigh at least 30
60 MINUTES grams to sur-
vive the same
so dose.
40 In Charts
30 8, 9, and 10
are given data
20 on A mice
Io only, which
were injected
5 a 1 14 17 20 23 with 0.lO cc.
7 10 13 16 15GRAMS of the salicyl-
CHAT 9 gives data on the number of minutes required to kill A mice ic aldehyde-
when they were less than 100 days old. Body weight is plotted on the base olive-oil line; time of death in minutes on the vertical. OmX-
ture. Forthis
purpose 232 A mice have been used. In Chart 8 are presented
data on the comparative analysis of the mortality rate of A mice
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receiving 0.08 cc. of the mixture (solid line) and A mice receiving
0.10 cc. of the same material. The mice are classified according
to body weight (along the base line). Thus, it is demonstrated
that mice of the A strain are sensitive to a difference of 0.02 cc.
of the injected mate-
rial, that is, to a dif- 80J MINUTES
ference of 0.002 cc. of
salicylic aldehyde. 70
Chart 9 gives the
data on the number of
minutes it takes to kill 60
an A mouse (vertical
line). Again the mice
are classified according 50
to body weight (base
line). Only A-strain 40
mice less than 100
days old are given in
this chart. 30
In Chart 10 are
presented the data on
the number of minutes 20
it takes to kill a 21-
gram A-strain mouse
(vertical line). The 10
ages of the mice are
plotted along the base
line; (a) I to 100days I 101 201 301 401 DAYS
of life, (b) 101 to 200 100 200 300 400 500
CHART 10 presents data on the number of minutes required days, c) Æ201 to 300 to kill A mice of 21 gm. when they were classified according to dyan (d) 401 to Oge. Age in days is plotted on the base line; time in minutes days, nd (d)401 to onthe vertical. 500 days of age.
It may be seen 'that the maximum tolerance to the salicylic
aldehyde-olive-oil mixture is reached between 101 and 200 days of
life. From this point on, with advancing age, there is a gradual
loss of tolerance to this anti-oxidant. These are the data referred
to previously upon which is based the concept that tolerance to the
salicylic aldehyde-olive-oil mixture is the resultant of age as well as
of body weight.
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General Discussion
The present investigation has opened up more suggestions for
further work than it has finished. The concrete facts are well estab-
lished. Male mice of three distinct strains (C3H, A, and JK) are
significantly different in their tolerance to the anti-oxidant salicylic
aldehyde. Upon this basis, the strains can be placed in the same
sequence as they can be for shifts of hemoglobin per unit of time
and for susceptibility of the breeding females to spontaneous car-
cinomata of the mammary gland. Within a given strain, tolerance
to the drug is dependent upon body weight and age. It is clear
that the maximum degree of tolerance to salicylic aldehyde is
reached when the hemoglobin level is at the highest (between 101
and 200 days of life in A mice) and that then tolerance gradually
diminishes through advancing age, or at the same time that suscepti-
bility to carcinoma of the mammary gland is being attained in the
breeding females of the same strain. This decreased tolerance to
the drug is evident even when the body weights of the individuals
(due primarily to fat deposits) are gradually increasing.
Some of the problems left unanswered are: (1) whydo the male
mice of the different strains vary intheir tolerance to the same drug,
(2) why does this tolerance parallel the phenomenon of shifts of
hemoglobin and a correlative susceptibility to spontaneous carcinoma
of the mammary gland in breeding females of the same strains?
The suggestion is derived, from the present investigation, that
the male individual possesses part, at least, of the mechanism or
mechanisms involved in the origin of carcinoma of the mammary
gland in the female mouse of that strain. It also suggests that
perhaps the oxidation-reduction phenomena within the body are
part of the susceptibility-to-carcinoma mechanism. There is a pos-
sibility, however, that the tolerance to salicylic aldehyde may be
measuring some other characteristic of the toxic effect of the drug
other than its action on the oxidation-reduction systems of the body.
If this concept be valid, however, this would partly explain why a
male mouse, when its mammary rudimnent has been somewhat stim-
ulated by the female sex hormone, will then be subjected to the
vicissitudes of the female and give rise to carcinoma of its estrogen-
stimulated mammary tissue.
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The present problem suggests the following: that in the mechan-
ism involved in the origin of spontaneous tumors of the mouse two
sets of phenomena are probably involved. (1) A systemic or con-
stitutional complex involving the oxidation-reduction systems of the
body which determines possible cancer or no cancer, and (2) a
specific complex which controls the origin of specific types of cancer.
This concept of cancer susceptibility seems to be acceptable in the
attempt to correlate the phenomena of genetic susceptibility and the
physiological changes involved leading to the neoplastic state.
The present phenomenon of tolerance to the anti-oxidant
salicylic aldehyde fulfills the requirement that the mechanism of
cancer must have executed an influence over a considerable period
of time. It lacks, as does the hemoglobin concept, the degree of
specificity that seems to be required to explain the origin of specific
types oftumor. Perhaps this criticism may be partly met by further
investigation.
Conclusions
1. The tolerance to the anti-oxidant salicylic aldehyde (diluted
with olive-oil) is determined, in part, by body weight, age, and
"genetic constitution" of the individual.
2. The tolerance of A male mice reaches the maximum value at
that age when the hemoglobin level is highest, i.e., between 101 and
200 days of life. Following that period tolerance decreases.
3. The C3H, A, and JK strains of mice can be classified in the
same sequence according to (a) tolerance of the males to salicylic
aldehyde, (b) shifts of hemoglobin per unit of time, and (c) the
tendency for breeder female mice to give rise to, or not to give rise
to, spontaneous tumors of the mammary gland.
4. The male mouse is probably endowed with part of the physi-
ological mechanism or mechanisms which, in breeder female mice,
lead to spontaneous carcinomas of the mammary gland.
5. The oxidation-reduction phenomena of the body may be
involved in the mechanism that determines, in part, susceptibility or
resistance to spontaneous carcinomas of the mammary gland.
6. By such a conception a consistent interpretation of genetic
susceptibility and the physiological states leading up to the neoplastic
condition may eventually be worked out.
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